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Kavita Rohatgi (1985) Functional microscopic anatomy of the alimentary canal 
of Sarcophaga ruficornis (FABR.) (Diptera: sarcophagidae). Bull. Inst. Zool., Academia 
Siuica 24(1): 11-26. The histological differences in the different regions of the 
alimentary canal of Sarcophaga ruficornis (Fabr.) have been interpreted from their 
functional point of view. The variations in size, shape and internal organization of 
the epithelial cells of the first three regions of the midgut present two types of 
merocrine secretion; vacuolar budding of the cytoplasm and granular secretion; 
suggestive of their digestive role. Whereas, the remaining two regions of the midgut 
do not exhibit such structures and possess well developed striated border indicating 


their absorptive nature. 


The well developed proventriculus histology amply justifies its role as a sphincter, 


a valve, and in the formation of peritrophic membrane. 


A pyloric valve, not re- 


ported in Diptera except by Singh and Judd (1966), is present in Sarcophaga which 
prevents the backward flow of food into the mesenteron. _ 
The complexity of the rectal valve suggests that it is more than merely a device 


for assisting the passage of the peritrophic membrane. 


The functional significance 


of the rectal epithelium having large cells and well developed rectal papillae, has 
been discussed. The presence of heavily loaded crystalline material in the cells of 
the wall of the rectal pouch is suggestive of its excretory role. 


Key.words: 


Diera exhibit great diversity in their 
food and feeding mechanism. Consequently 
they possess a variety of organs of alimenta- 
tion to meet their physiological needs. Wig- 
glesworth (1929) studied the alimentary canal 
of tsetse fly, while Graham-Smith (1934) that 
of the Calliphora erythrocephala. Dixon (1952) 
and Megahed (1956) contributed to the histo- 
morphology of the gut of Hylemya brassicae 
and Culicoides nebeculosus respectively. Owsley 
(1946) has given a comparative account of 
the gut of four species of the family Asilidae, 
while Hori (1962) has dealt with the gut of 
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several other species. Singh and Judd (1966) 
have worked on the comparative morphology 
and histology of several families of the Caly- 
ptrate Diptera with a view to elucidate some 
of the taxonomic differences of the group. 
In spite of all this, the available information 
on the subject is still scanty. The gross mor- 
phology of the alimentary canal of Sarcophaga 
ruficornis, a fly of veterinary importance, has 
already been described by Chaudhry (1972). 
In the present investigation, therefore, its 
microscopic anatomy has been dealt with and 
functional correlations of the histological 
elements have been discussed. 
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MATERIALS AND METHODS 


Sarcophaga ruficornis (Fabr) were obtained 
from the culture maintained in the laboratory. 
The different regions of the gut were fixed in 
Bouin’s fluid as well as in. Zenker’s fixative. 
The microtome paraffin sections at 6-84 were 
cut and stained with Delafield’s haematoxylin- 
eosine and Mallory’s triple stain. | 


OBSERVATIONS 


Foregut 
Histologically the foregut of Sarcophaga 


ruficornis is distinguishable, as it is morpholo- - 


gically, into a pharynx, oesophagus (OES), 
crop duct (CD) and proventricular oesophagus 
(POES) that connects to proventriculus. 
Oesophagus: The wall of the oesophagus 
(Fig. 1) from within Outwards is made up 
of chitinous intima (IN), epithelium (EP), 
basement membrane (BM) and muscle layer. 
The epithelium consists of small more or less 
cuboidal cells (CB) with centrally placed small 
nuclei (NU). The inner margin of these cells 
is Iined with a thick chitinous intimal layer 
provided with minute denticle-like spicules, 
while their outer ends rest on a fine basement 
membrane. The epithelium along with base- 
ment membrane and intima is thrown into 
a few low longitudinal folds. The muscle 
layer consists of a outer band: of circular 
muscle fibres (CM). The inner longitudinal 
muscles (LM) tend to become grouped in 
bands within the longitudinal folds of the 
epithelial layer. The histological nature of 
the pharynx is similar to that of the oesoph- 
agus except for the thickness of muscle layers. 
Crop Duct: The epithelium of the crop 
duct (Fig. 2) which is thrown into several 
longitudinal folds is formed of irregular cells 
with distinct intercellular walls and large 


Diagram of the T.S. of crop duct. 


. spherical nuclei. 


Externally it is covered by 
a basement membrane and internally by a 
distinct cuticular intima. The muscular sheath 
consists of outer thick layer of circular muscle 
fibres and inner sparsely distributed longitud- 
inal muscle fibres. 

Corp: The epithelial cells of the crop are 
large flattened with centrally placed nuclei. 


‘Their height depends on the degree of disten- 


sion of the crop and their inner free surface 
is lined by a intima. The musculature con- 
sists of an outer thin layer of circular muscle 
fibres and inner feebly developed and scattered 
bundles of longitudinal fibres. In an empty 
and collapsed crop (Fig. 3) the epithelial 
layer is thrown into numerous irregular long- 
itudinal as well as transverse folds projecting 
into its lumen (LU). In this condition the 
epithelial cells appear greatly elongated show- 
ing numerous inward projecting finger-like 
prolongations with their nuclei towards the 
basal ends. The cell boundaries became indi- 
stinct and the circular muscle layer gets 
thicker due to contraction. 


Proventriculus 


A prominent bulb-like proventriculus, is 
present between the foregut and the midgut 
(Fig. 4). It consists of two distinct parts: 
(1) an external wall formed by the distended 
spherical. funnel-like continuation of the 
anterior end of the ventriculus (V) 
accommodated within it, (2) a plug-like 
structure derived by pushing in of the poste- 
rior end of the oesophagus. The plug, which 
forms the central core of the proventriculus, 
is an inverted. mushroom-shaped structure 
with an umbrella-like flange and a hollow 
stalk the proventricular oesophagus. Near the 
base of the stalk around the anterior distended 
part of the proventricular wall (PW) are two 
glandular ring-like swellings, the annular 


Explanation of Figures 


Diagram of the T.S. of oesophagus showing well developed denticulated intima. 


Diagram of the T.S. of the collapsed crop showing highly irregular epithelial cells. 
Fig. 4. Diagram of the L.S. of proventriculus. 


and > 
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pads. The narrow proventricular cavity (PC), 
which lies between the plug and the external 
wall of the proventriculus, is in communica- 


tion behind with the ventriculus through a 


constricted neck (NE)-like opening. 

The proventricular-oesophagus (Fig. 5) is 
a continuation of the oesophagus showing the 
same histological structure. At its beginning, 
just behind the emergence of the crop duct, 
is seen a sphincter muscle (SM). 

The edge of the proventricular flange 
(PF) projects as a double layered fold into 
the proventricular cavity and is reflected for- 
wards towards the annular pads (Figs. 4 and 
6). The intima of the flange is thin and its 
epithelium consists of pale-staining long 
columnar cells (CC) with small oval nuclei. 
The middle portion of the flange between the 
epithelial layers does not show any distinct 


basement membrane or muscular tissue. Its 


epithelium is continuous with the epithelium 
of the annular pads, and the line of demarca- 
tion -(J) between the two is clearly visible in 
haematoxylin-eosin stained sections. 


The two pads (Figs. 4 and 6), differ in 
their size and form. The inner annular pad 


(IAP) is large and anterior while the outer 
annular pad (OAP) is small and lies laterally. 
The inner pad, the outer pad, and the flange 
remain separated from one another by means 
of clefts which are continuations of the pro- 
ventricular cavity. The annular pads consist 
of narrow elongated epithelial cells with de- 
eply staining cytoplasm (CY) and large sphe- 
rical nuclei situated mesially. These cells are 
secretory and their free borders are seen 
engaged in secreting the peritrophic secretion 


mbrane just internal to fhe thin muscular 
layer of the proventricular wall. An intima 
is not visible on the pads. 

The wall of the rest of proventriculus is 
thin made up of a single layer of cuboidal 
cells possessing large spherical mesially situa- 
ted nuclei. Its musculature consists of an 
inner circular and an outer longitudinal muscle 
layer. An intima is absent. 

The lumen of the proventricular oesoph- 
agus opens posteriorly into the proventricular 
cavity (Fig. 5). This opening is guarded by 
proventricular flanges which riormally remains 
closed due to their adnate nature. The entire 
complex, therefore, functions as a valve. It 
prevents the back flow of food, but allows its 
passage from the oesophagus into the proven- 
tricular cavity. . i Ä 


Midgut | 
Morphologically the midgut of S. ruficornis 

is divided into five regions (Chaudhry-Rohatgi, 

1972): the thoracic ventriculus, abdominal | 


- ventriculus, proximal loop, helicoid region and 


the post-helicoid region. Histologically, the 
wall of each of these regions is composed of 
the epithelium, basement membrane, and the 
muscularis. An intimal lining is absent. In- 
stead internally a characteristic striated-border 
(SB) particularly in the hinder regions is pre- 
sent. The epithelial cells of midgut are large 
granular having spongy or vacuolar cytoplasm, 
showing great variations in the different re- 
gions depending upon the state of their 
digestive activity. 

Thoracic Ventriculus: The epithelium of 


the thoracic ventricular region (Fig. 7) com- 


prises a number of tall attenuated columnar 


Explanation of Figures 


(PSR). They rest on a fine basement me- 
Fig. 5 
Fig. 6 
pads. 
Fig. 7 
Fig. 8 
phase. 
Fig. 9 


cells. 


Photomicrograph of L.S. of the proventriculus showing proventricular oesophagus and valve. 
Photomicrograph of L.S. of the proventriculus showing proventricular wall, flange and annular 


Photomicrograph of T.S. of thoracic ventriculus showing goblet cells and secretion. 
Photomicrograph of T.S. of abdominal ventriculus showing columner cells in active secretory 


Photomicrograph of T.S. of proximal loop showing exhausted epithelial cells and regenerative 
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cells with pointed apices and broader base, 
ranging in height from 20 to 274. Most of 
_ these cells are goblet (GC) or calyciform type 
with secretory material accumulated (ASRM) 
in a large vesicle close to their apices. The 
vesicle is sometimes seen leading into a narrow 
canal opening on the apex of the cell dis- 
charging the secretory material (DSRM). In 
between the goblet cells slightly smaller in- 
active columnar cells devoid of secretory ac- 
cumulations and with basal nuclei are visible. 

Abdominal Ventriculus: The epithelial cells 
of the abdominal ventriculus (Fig. 8) are also 
columnar but are much taller and broader 
(44x21u) than those of the thoracic ventri- 
culus, possessing mesially situated nuclei. 
They are the tallest cells in the midgut region 
and are almost of uniform size A striated 
inner border is visible in a few cells. Towards 
the basal side these cells possess granular 
cytoplasm. Whereas, towards their free ends 
they show accumulation of secretory granules 
and secretory vacuoles which are often visible 
being extruded out from the inner surface of 
the epithelial cells through the ruptures of the 
striated border (RSB). These ruptures get 
repaired as soon as the secretion (SR) of the 
cells pass out into the lumen. 

Proximal Loop: The epithelial cells of the 
proximal loop region (Fig. 9) are slightly 
smaller (35X17) than those of the abdominal 
ventriculus. Their nuclei are prominent and 
mesial. The characteristic feature about these 
cells is that their inner half portion appear 
quite empty (ECC) due to the discharge of 
their secretory material into the lumen, They 
thus represent the exhausted state of the 


cells. 

Helicoid Region: The epithelial cells of the 
helicoid region (Fig. 10) are also columnar 
but much smaller than those of the proximal 
loop, measuring about 24x13u. They are 
more protoplasmic and possess a few graules 
and centrally situated nucleus. They hardly 
show any vacuolization or secretory material 
but possess very distinct striated border. 

Post-helicoid Region: In the last portion of 
the midgut, the post-helicoid region, the 
epithelial cells are much smaller and cuboidal. 
They do not show any secretory substance or 
granules but are provided with a striated 
border. 

Scattered throughout the midgut length 
occur a few regenerative cells (RC), more 
frequently present in the anterior than in the 
posterior regions. They (Fig. 11) lie in bet- 
ween the bases of the digestive cells. They 
are very small, spherical with large rounded 
nuclei and little cytoplasm. 

Immediately external to the basement 
membrane in all these regions is a circular 
muscle layer which is comparatively thicker 
in the posterior three than in the anterior two 
regions. The longitudinal muscles are found 
scattered in the form of 40-45 narrow longi- 
tudinal bands just around the circular layer 
of muscles. In the anterior and posterior two 
regions of midgut the longitudinal muscles 
are thin and less, whereas in the middle re- 
gion, the proximal loop they are thicker and 
numerous. . . 

Throughout the midgut length a distinct 
thin transparent Peritrophic membrane(PM) 
is visible. Wherever food bolus is present 


Explanation of Figures 


t 
valve. 


tubules into the gut. 


Photomicrograph of T.S. of helicoid region showing striated border of the epithelial cells. 
Photomicrograph of T.S. of midgut showing regenerative cells. | 
Photomicrograph of L.S. passing through the junction of midgut and hindgut showing pyloric 


Photomicrograph of T.S. of the pyloric valve region showing the opening of the Malpighian 


Fig. 14. Photomicrograph of T.S. of the anterior intestine showing intima lining. 


Photomicrograph of T.S. of the middle portion of anterior intestine showing deep epithelial 


folds with long spines and broken pieces of peritrophic membrane in the lumen. 
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this membrane is seen to encircle it. But in 
an empty gut it appears shrunken lying loose 
in the lumen like a tube. . 


Hindgut 

The hindgut of S. ruficornis is marked 
anteriorly by a pyloric valve (PVAL) «Fig. 
12). Histologically, this valve appears as a 
small circular internal fold of epithelial cells 
(FEP) of the posterior mesenteron (ME), ex- 


tending slightly backwards into the procto- 


daeum (PR). The cells of this region possess 
distinct large spherical nuclei but are devoid 
of an intima. The musculature is differentia- 
ted into a thin inner circular muscle layer 
and an outer layer of scattered longi- 
tudinal muscle bands. The two common 
ducts of the Malpighian tubules (MT) open 
laterally into the gut in this region (Fig. 13). 
Histologically, the hindgut is differentiated 
into an anterior (AIN) and a posterior inte- 
stine (PIN) separated by the presence of the 
rectal valve (RVAL). The posterior intestine 
is further distinguished into three parts 
(Chaudhry-Rohatgi, 1972): the first part of 
rectum, rectal pouch bearing four cone-shaped 
rectal papillae and the anal rectum. The 
hindgut is formed of the usual layers of 
tissues as found in the foregut. But the 
epithelium usually comprises larger..cells which 
towards the hind end tend to increase in 
number thus forming longitudinal folds. 
Anterior Intestine: ‘The anterior intestine 
histologically shows marked variations antero- 
posteriorly. The single layered epithelium 
(Fig. 14) rests on a fine basement membrane. 
The epithelial cells are more or less cuboidal 


diameter which lie towards their bases. 


. epithelial folds. 


varying in length from 18-204, and possessing 
conspicuous and rounded nuclei 5-64 in 
Near 
the middle of this region the epithelium gets 
folded into 5-7 longitudinal folds (EPF) pro- 
jecting into the lumen. At the commence- 
ment, these folds are thin and quite apart 
from each other (Fig. 15). But with their ap- 
proach towards the rectal valve posteriorly 
they become thicker and their basal portions 
approximate each other reducing the lumen 
into a star-shaped cavity. Like the stomodaeal 
region a cuticular intima is present which is 
thin and slightly denticulated in the anterior 
portion and becomes considerably thicker with 
increasingly larger backwardly pointed broad 
spines (SP) posteriorly particulary on the 
The musculature which pri- 
marily consists of a 2-34 thick layer of 
circular muscles anteriorly, also gets conside- 
rably thickened (26-304) posteriorly. The 
longitudinal muscles are very poorly developed 
throughout. In the fold-free anterior part of 
the lumen the peritrophic membrane still per- 
sists in a tubular form, but in the region of 
the folds it is seen broken into pieces (Fig. 
15). 

Rectal Valve: At the junction of the ante- 
rior and posterior intestine there is a marked 
constriction of the gut, surrounded by con- 
nective tissue and thick circular muscle layer, 
forming a rectal valve. The muscle-controlled 
epithelial annulus (EPA) in the valve region, 
as seen in longitudinal section (Fig. 16), ap- 
pears projecting backwards from the wall into 
the lumen. The epithelial cells forming the 
annulus are cuboidal with small rounded 


Explanation of Figures 


Photomicrograph of L.S. passing through the junction of anterior and posterior intestine show- 


Fig. 16 
ing rectal valve. 

Fig. 17. Photomicrograph of T.S. through rectal valve region showing thick circular muscle band, and 
long bristle-like spines in the lumen. 

Fig. 18. Photomicrograph of T.S. of the first part of the rectum showing denticulated intima. 

Fig. 19. Photomicrograph of T.S. of rectal pouch wall showing epithelial cells loaded with crystalline 
bodies, regenerative cells and well developed circular muscles. 

Fig. 20. Diagram of the T.S. of rectal pouch wall. 


Photomicrograph of a section of rectal papilla showing the cortical and medullary regions. 
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nuclei. The intima lining them is thick and 
provided with long bristle-like spines which 
practically obliterate the passage between the 
anterior and posterior intestine (Fig. 17). 

First Part of Rectum (Fig. 18): The epithe- 
lium of this region is thrown into five to 
seven deep longitudinal folds. Basically the 
histology of this first part is similar to that 
of the anterior intestine with minor differen- 
ces. The epithelial cells here are cuboidal 
(17x174) with large spherical nuclei measur- 
ing 6-7u in diameter. Internally these cells 
are lined by a thick denticulated chitinous 
intima. The musculature consists of a 4-5« 
thick layer of circular band which do not 
conform to the infolding epithelium. Longi- 
tudinal muscles are poorly developed. 

Rectal Pouch: The wall of the rectal pouch 
is thin. The epithelium (Figs. 19 and 20) 
consists of highly irregular cells with small 


spherical nuclei. The intima lining them is — 


spineless and thin. The epithelial cells are 
heavily loaded with irregular crystalline bodies 


(CRB), possibly of some waste matter. The 
nature and the structure of these epithelial 


cells indicate as if they are undergoing dege- 
neration and are in the process of being shed 
off. The presence of a very clear distinct row 
of regenerative cells which lie beneath the 
epithelium possibly ready for replacement 
lends support to this idea. The longitudinal 
muscle bands lie inner to the circular muscle 


layer which is folded, the folds showing an 


imbricate arrangent. 

Rectal Papillae: Each of the four rectal 
papillae (Fig. 21) whose base is embeded in 
the wall of rectal pouch is composed of a 
central medullary region (MDR) and an outer 
cortical region (CTR). The medulla consists 
chiefly of tracheal branches (TRB) which run 
along the axis of the medullary region. The 
cortical cells are tall, columnar with some- 
what granular cytoplasm which is denser 
towards the medullary region. The nuclei are 
large 10-134 in diameter and are situated 
more towards the periphery. Externally each 
papilla is covered by an intima which is 


thicker towards the base and apically provided 
with a row of fine parallel tubular spines. 
Anal Rectum: The histological structure 
of the anal rectum is similar to that of the 
anterior intestine, except that the musculature 
is slightly thicker near the anus probably per- 
forming the function of an anal sphincter. 


DISCUSSION 


The foregut intima in this fly Sarcophaga 


l ruficornis is always single layered and slightly 


denticulated in contrast to the double layered 
spiny intima of other insects feeding on solid 
food such as. Epilachna (Potts, 1927) and 
Sesamia (Durr, 1966). No trace of any 
tracheal tissue covering the internal intimal 
lining as recorded by Owsley (1946) in 
the family Asilidae, has ever been found in 
S, ruficornis. 

The structure of proventriculus varies 
considerably in different species of Diptera 


and there have been controversies regarding 


its nature and functions. Lowne (1895) re- 
garded it as a gizzard which is ectodermal in 
origin. The histological details of the proven- 
triculus of Sarcophaga show great similarity 
of its plug-like portion, having chitinous in- 
tima, with the oesophagus; while that of the 
cup-like portion, except for the striated border, 
with the anterior ventriculus.. Thus, it is 
partly ectodermal and partly endodermal and 
therefore cannot be homologised with the 
gizzard or real proventriculus of other forms. 
Still for the sake of convenience the term 
proventriculus is applied to it. Miller (1950) 
in Drosophila has embryologically come to a 
similar conclusion. 

According to Patton and Cragg (1913) 
the proventriculus functions like a valve. 
Heweitt (1914) has assigned a dual function 


to it, that of a valve and a pump. Wiggles- 
worth (1929) and Graham-Smith (1934) pro- 


posed that since the circular musculature of 
the plug is thick, it acts as a sphincter rather 
than a valve. Singh and Judd (1966) opine 
that at least it plays two important roles, that 
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of a sphincter and the production of peritro- 
phic membrane. In Sarcophapa, the presence 
of the sphincter muscle in the proentricular- 
oesophagus, and the occurrence of the secre- 
tory material of annular pads in continuation 
with the peritrophic membranous tube fully 
corroborate the conclusions of Singh and Judd 
(1966). Furthermore, the opening of the 
proventricular-oesophageal lumen, into the 
proventricular cavity in Sarcophaga usually 
remains closed due to the adnate thick pro- 
ventricular flange. This suggests that it con- 
trols the passage of food through it. Thus 
the possibility of the proventriculus acting as 
a valve also cannot ruled out. 

Histologically, the epithelial cells of the 
midgut are columnar in the anterior and 
cuboidal in the posterior regions teing tallest 
in abdominal ventriculus>thoracic ventri- 
culus>proximal loop>helicoid region >post- 
helicoid region. Somewhat similar condition 
has also been reported by Dixon (1952) in 
Hylemya. 

Singh and Judd (1966) who worked on 
Sarcophaga haemorrhoidalis and other flies 
could histologically divide the midgut into an 
anterior and a posterior ventriculus only, 
except in Cuterebra, Hypoderma, and Cephe- 
nemyia where even this differentiation was 
absent. Wigglesworth (1929) in Glossina 
palpalis has distinguished a ‘third region in 
the posterior ventriculus portion characterized 
by the presence of giant cells. 


The epithelial cells of the thoracic ven- 
triculus, abdominal ventriculus and proximal 
loop of S. ruficornis are predominantly secre- 
tory is evident from their highly glandular 
nature. Majority of these cells are goblet 
type showing accumulation of secretory 
granules and secretory products towards their 
free ends. While many other cells show 
characteristic secretory changes, such as the 
breakdown and repair of their inner walls 
after the release of the stored secretory prod- 
ucts into the lumen, they exhibit merocrine 
mode of secretion. At the same time in the 
thoracic ventriculus streaming cytoplasmic 


secretion of granules have been observed ex- 
tending out into the gut lumen from the 
epithelial cells. This has also been reported 
by Wigglesworth (1929) in Glossina and by 
Graham-Smith (1934) in Calliphora. These 
histological evidences are further corroborated 
on physiological grounds by Rohatgi (unpubli- 
shed) in her studies on Sarcophaga which 
show that there is far greater.enzymatic acti- 
vity in the anterior part of the midgut as 
compared to its hinder portion thus, indicating 
greater digestive activity of the former. 

The epithelial cells of the helicoid and 
posthelicoid regions of the midgut of S. rufi- 
cornis show poor secretory activity and are 
usually seen to possess a distinct striated 
border. These cells are devoid of granules 
and, as suggested by Wigglesworth (1965), 
should be rearded on histological grounds as 
absorbing cells. Sanford (1918) suggests that 
the striated border forms some sort of protec- 
tive covering for the enteric epithelial cells. 
Snodgrass (1935) has defined it as a delicate 
limiting membrane. The presence of a st- 
riated border in the midgut of feeding, and 
its general absence in the non-feeding forms 
like Hypoderma, Cephenemyia, and Cuterebra 
makes it possible to conclude that the ciliated 
border is in some way associated with the 
absorptive function (Singh and Judd, 1966). 
Further, electron microscopic studies of 
striated border have shown that the striations 
represent microvilli arising from the inner 
margin of the epithelial cells, which increase 
the surface area extensively. Thus, it would 
be logical to reaffirm that the helicoid and 
post-helicoid regions of midgut are mainly 
concerned with the absorption of food. 

Scattered throughout the length of the 
midgut epithelium occur a few regenerative 
cells. These cells usually occur singly and 
never form groups or nidi as reported by 
Megahed (1956) in Culiciods. Functionally 
the regenerative cells are said to replace the 
older secretory cells (Day and Waterhouse, 
1953). Singh and Judd (1966) have even re- 
corded the mitotic division in these regenera- 
tive cells. 
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The peritrophic membrae of S. ruficornis 
is well developed as a thin transparent tube 
extending internally throughout the length of 
‘the mesenteron and part of the proctodaeum. 
Waterhouse (1953) reported the general occur- 
rence of the peritrophic membrane in Cyclor- 
rhapha, and Zhuzhikov (1963) in Orthorrhapha. 
However, Singh and Judd (1966) noted the 
absence of this membrane in Hypoderma, 
Cuterebra and Cephenemyia and Owsley(1946) 
in the asilids. 

There are different views regarding the 
origin of the peritrophic membrane in insects. 
Van Gehuchten (1890) traced its origin in 
Ptychoptera by the secretion of the anterior 
midgut cells. Durr (1966) in Sesamia found 
that it arises by the process of delamination 
of the entire midgut epithelium. Folsom and 
Welles (1906) reported that the peritrophic 
membrane is formed by the direct transfor- 


mation of the striated border of the midgut - 
epithelium. In mosquitoes and certain other 


blood sucking Diptera the peritrophic mem- 
brane is produced by the general midgut 
epithelium (Waterhouse, 1953). But in major- 
ity of Diptera, however, the peritrophic mem- 
brane appears to be produced by a band of 
specialized cells in the anterior end of the 
proventriculus, as reported by Wigglesworth 
(1930), Snodgrass (1935), Zhuzhikov (1963) 
and Singh and Judd (1966). This is also true 
for S. ruficornis. 

Most workers believe that the peritrophic 
membrane is broken up in the hindgut. In 
Calliphora, Graham-Smith (1934) suggested 
that it is broken by the rectal valves and the 
churning movement of. the rectal papillae 
which are covered by spines. The hindgut 
wall which may carry backwardly 
spines may also act mechanically to tear the 
membrane and push it backwards (Hoare, 
1931). In S. ruficornis the peritrophic me- 
mbrane remains intact as a tube in the midgut 
and the beginning of the hindgut. Beyond it, 
the membrane is seen in the form of broken 
pieces lying in the lumen of the spinous re- 
gion of the anterior intestine and the rectal 


directed ` 


valve region. Similar observations were also 
made by Singh and Judd (1966) in all the 
feeding forms of flies studied by them. 

As regards the function of the peritrophic 
membrane, usually a protective role is assigned 
to it implying the safeguarding of the midgut 
epithelium against injuries by solid particles 
of food (Wigglesworth, 1929, 1965; Water- 
house, 1953, 1957). In flies which imbibe 
liquid food, as pointed by Zhuzhikov (1964), 
this protective role is performed in a different 
manner. According to him, the protein food 
on entering the midgut very forcefully attracts 
water, due to: which the contents of the 
midgut get swollen and stretch the peritro- 
phic membrane. In the absence of this me- 
mbrane the entire pressure would be on the 
intestinal wall which could injure and even 
rupture it. Besides the protective function, 
the peritrophic membrane also plays an ap- 


‚preciable role physiologically and physioche- 
mically. Zhuzhikov (1964) in Musca domestica 


and Calliphora erythrocephala recorded that 
the peritrophic membrane in these species is 
a complex system with selective permeability 
to various substances. It conducts the enzy- 
mes of the midgut to the food, and lets 
through for absorption by the epithelium only 
the end products of digestion. 

The existence of a pyloric valve in flies 
has not been reported by the earlier workers. 
However, Singh and Judd (1966) recorded its 
presence at the junction of the midgut and 
hindgut in all the flies studied by them. The 
presence of a similar structure has also been 
reported by Owsley (1946) in Asilidae. In S. 
ruficornis, a well developed pyloric valve is 
present whose probable function is to prevent 
the backward flow of food into the mesen- 
teron. 

The histological observations made on 
the anterior intestine of S. ruficornis are in 
agreement with the dipterans studied by 
Graham-Smith (1934) and Dixon (1952). 
However, these workers failed to comment 
on the gradual increase in the thickness of 
the enteric folds and in the size of the spines 
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present thereon, as well as the thickness of 
the circular muscle surrounding them towards 
the rectal valve, as observed in Sarcophaga in 
the present work. Singh and Judd (1966) also 
recorded similar structures in the flies studied 
by them. 

Though a rectal valve in flies was first 
recorded by Lowne (1895) but some of the 
subsequent workers like Hewitt (1914) and 
Wigglesworth (1929) somehow failed to 
observe it in the insects they studied. How- 
ever, Patton and Cragg (1913), Graham-Smith 
(1934), Dixon (1952), Hori (1962) and Singh 
and Judd (1966) have all recorded its presence 
in the flies studied by them. A distinct rectal 
valve, histologically similar to that described 
by Dixon (1952), is present in Sarcophaga. 
These structures, as suggested by Singh and 
Judd (1966), possibly play an important role 
in breaking up the peritrophic membrane and 
pushing back the broken pieces. The valve, 
further prevents the back flow of these pieces. 

The rectal sac of S. ruficornis show almost 
the same histological structure as described 
by Owsley (1946), Dixon, (1952) and Singh 
and Judd (1966), except in the arrangement 
of the circular muscles. Dixon (1952) has 
recorded closely packed circular muscle bands, 
whereas Singh and Judd found them to be 
arranged in a peculiar horseshoe-shaped man- 
ner. They however, did not elaborate on this 
peculiar arrangement. In Sarcophaga it has 
been found that the circular muscles are 
thrown into a few longitudinal internal folds, 
permitting great expansion of the rectal sac. 
The muscle bands in between the folds over- 
lap each other in an imbricate manner, 
which in transverse section appear as cres- 
centic or horseshoe-shaped muscular bodies. 

The epithelial cells of the rectal pouch 
possess small irregular masses of crystalline 
bodies, the nature of which has not been 
established. Cells of the enteric epithlium of 
certain insects are reported to accumulate 
some nitrogenous substances though their ex- 
cretory role is still uncertain. However, 
Folsom and Welles (1906) have recorded that 


in Collembola the epithelium of the midgut 
is periodically cast off and this has been re- 
garded as an excretory process. Gersch (1942) 
asserts that some special subsances are 
certainly eliminated by the gut in Periplaneta. 
He has further recorded that in Aphids when 
fluorescein dye is injected it is excreted by 
the walls of the gut into the rectal pouch. 
Waterhouse (1955) reported that in the hind- 
gut of Lucilia larvae some of the cells appear 
to take up ammonia from the haemolymph 
to eliminate it into the hindgut as bicarbonate. 
It is, therefore, not unlikely that the crystal- 
line masses found in the rectal cells of Sar- 
cophaga may be excretory in nature. The 
irregular and highly disorganized pattern of 
these epithelial cells bearing these bodies indi- 
cate their degenerated nature. They are 
possibly in the process of being cast off there- 
by eliminating the waste crystalline matter 
contained in them. The presence of a well 
defined row of regenerative cells at the base 
of this degenerating epithelial lining, ready 
for replacement, further lend support to the . 
above contention. 

Tke number of rectal papillae inside the 
rectal pouch varies among Diptera from two 
to six, while they are absent in Clunio (Okada, 
1954). Hori (1962) observed sexual dimor- 
phism in the arrangement of the rectal 
papillae of flies in the genera Ophyra, Lyperosia, 
Pyrellia and Stomoxys. In Sarcophaga, though 
four cone-shaped rectal papillae are present, 
no sexual dimorphism has been observed. 
Histologically the rectal papillae of S. rufi- 
cornis agree with the descriptions of Dixon 
(1952), Graham-Smith (1934) and Singh and 
Judd (1966). It is only in Hypoderma that 
Singh and Judd (1966) have reported the lack 
of an intimal covering on the papillae, instead 
the surface of the papillae is crooked and the 
margin of the cortical cells produces cytopla- 
smic projections into the lumen. 

The function of the rectal papillae is not 
well understood. Some authors like Graham- 
Smith (1934) have suggested that these 
papillae serve for breaking up the peritrophic 
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membrane. This, however, cannot hold good 
in Sarcophaga as here the peritrophic me- 
mbrane is broken up much earlier by the 
spines of the anterior intestine. According to 
Wigglesworth (1932) the rectal papillae re- 
absorb water from the fecal matter and thus 
play an important role in water conservation. 
Wherers, according to Srivastava and Rahman 
(1969) these papillae reabsorb essential sub- 
stances from the gut contents of the insect, 
which otherwise may be lost by defecation. 
In S. ruficornis, since the covering of intima 
is more dense on the surface of the papillae 
than elsewhere, it possibly plays little nutri- 
tive role, The main function that can reaso- 
nably be assigned to the papillae is water 
conservation. 
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